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Abstract
The association between timing of complementary food introduction and age at diagnosis of type 
1 diabetes was investigated among 1077 children in the SEARCH for Diabetes in Youth study. 
Age at diagnosis was 5-month earlier for children introduced to sugar-sweetened beverages (SSB) 
in the first 12 months of life compared to those who were not (9.0 ± 0.2 vs. 9.5 ± 0.1; p=0.02), 
independent of HLA-risk status. Analyses stratified by HLA-risk status found that children with a 
high risk HLA genotype had an earlier age at diagnosis if they were introduced to fruit juice in the 
first year of life (mean age of diagnosis=9.3 ± 0.1, 9.1 ± 0.1 and 9.6 ± 0.2 for introduction at ≤ 6 
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months, between 7 and 11 months, and ≤12 months, respectively; p=0.04). Introduction of SSB in 
the first year of life may accelerate onset of type 1 diabetes independent of HLA-risk status.
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INTRODUCTION
Type 1 diabetes mellitus is one of the leading chronic diseases of childhood, affecting 1.54 
youth per 1,000 in the U.S. according to the SEARCH for Diabetes in Youth study (1). The 
autoimmunity that precedes type 1 diabetes can appear in the first year of life suggesting that 
early environmental exposures may trigger the disease process (2). An increasing body of 
evidence suggests that type and timing of complementary food introduction may play a role 
in the etiology (3). Early infant diet patterns may lead to accelerated childhood growth, beta-
cell overload and accelerated failure of beta cells in the face of an autoimmune attack, 
especially among genetically predisposed individuals, resulting in an earlier at onset of type 
1 diabetes (4;5). We tested the hypothesis that timing of introduction of selected types of 
complementary foods and beverages was associated with earlier age at diagnosis of type 1 
diabetes using data collected by SEARCH Nutrition Ancillary Study (SNAS).
RESEARCH DESIGN AND METHODS
SNAS is an ancillary study to SEARCH that retrospectively collected infant diet history 
among youth diagnosed with type 1 diabetes between 2002 and 2005. SEARCH is a 
multicenter population-based ascertainment of youth < 20 years of age with newly 
diagnosed (incident) non-gestational diabetes recruited from four geographically defined 
populations throughout the United States. A detailed description of the SEARCH study 
methods has been published elsewhere (6). Fasting blood samples at the baseline SEARCH 
visit were analyzed for two diabetes autoantibodies (DA): glutamic acid decarboxylase-65 
(GAD65) and insulinoma- associated-2 (IA-2) using a standardized protocol. In addition, 
Human Leukocyte Antigen class II genotyping (HLA DR-DQ) was performed with a PCR-
based sequence-specific oligonucleotype 1 diabetes probe system. Genetic susceptibility to 
autoimmunity was categorized based on recommendations by the Type 1 Diabetes Genetic 
Consortium (7).
The SNAS study asked mothers or primary guardians of SEARCH participants to complete 
a questionnaire that asked about breastfeeding duration and timing of introduction of various 
beverages and foods common in the infant diet (19 total items). Respondents were asked the 
age of the child in months when the listed food or beverage was introduced on a regular 
basis, defined as “at least once per week” with an additional option of “not given regularly 
in the first year”. The study was approved by the local Institutional Review Board(s) and 
complied with the Health Insurance Portability and Accountability Act.
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Subjects for this analysis included youth in the SNAS study diagnosed with type 1 diabetes 
and positive for at least one DA (GAD65 or IA-2). The relationship between age at 
introduction and age at diagnosis was modeled using linear regression, adjusted for sex, 
race/ethnicity, total household income, birth year, breastfeeding (never, 1 day through 
5months, ≥ 6 months), HLA risk status, and exposure to maternal diabetes in utero. 
Subsequently, an interaction term was added to the full model to test for potential effect 
modification by HLA risk group (high risk vs. low risk).
RESULTS
There were 1,077 participants in the SEARCH/ SNAS study. The mean age at diagnosis of 
type 1 diabetes was 9.4 ± 3.9 years, average time between diagnosis of diabetes and 
administration of the SNAS questionnaire was 5.4 ± 1.4 years and average age of child at 
the SNAS visit was 11.3 ± 4.2 years. Seventy-seven percent of participants were non-
Hispanic white, 11% were Hispanic, 9% were black and 3% were of other race and non-
Hispanic ethnicity. Forty-three percent of respondents reported breastfeeding for ≥ 6 
months, 30% for 1 day to 5 months, and 27% reported that the child never received breast 
milk. Overall, 32% had high risk or susceptible HLA genotypes.
The modeled average age at diagnosis by age at introduction of each food and beverage 
grouping from the full model is presented in Table 1. Timing of introduction of the majority 
of foods and beverages were not associated with age at diagnosis of type 1 diabetes. The 
exception was introduction of sugar-sweetened beverages (SSBs) (excluding juice) in the 
first 12 months of life which was associated with a 5-month earlier age at diagnosis 
(p=0.02), independent of a HLA risk status. Table 2 displays the mean age at diagnosis by 
timing of complementary food introduction, according to HLA risk. Among those with a 
high risk/susceptible HLA, introduction of fruit juice in the first year of life was associated 
with a younger age at diagnosis compared with those not introduced (p=0.04).
DISCUSSION
In this large, diverse cohort of youth with type 1 diabetes, most dietary exposures were not 
associated with an earlier age at diagnosis with the exception of SSB consumption in the 
first year of life. Among those with high risk/susceptible HLA genotype, introduction of 
fruit juice in the first 12 months of life was associated with a younger age at diagnosis, 
suggesting that early exposure to SSBs may accelerate the onset of type 1 diabetes, 
independent of HLA-risk status and early exposure to juice may speed onset among youth 
who are genetically predisposed to type 1 diabetes.
Biologic plausibility of our results are offered “overload hypothesis” (4), which suggests 
that environmental exposures may overstimulate beta cells, thus accelerating their 
autoimmune-mediated destruction. Increased insulin demand due to chronic exposure to 
high sugar intake and SSBs consumption has been reported in children (8), though no 
studies that we are aware of have assessed their role in the infant diet in a type 1 diabetes 
cohort. A high intake of carbohydrates, especially sucrose and disaccharides the year before 
diabetes diagnosis has been associated with increased type 1 diabetes risk, independent of 
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total energy intake (9). The major limitation of our study is the reliance on maternal recall 
11.3 ± 4.2 years prior, however the validity of surrogate recall of food groups up to 43 years 
prior has been reported to be acceptable in the Fels Longitudinal Study(10).
CONCLUSIONS
Findings from our observational study suggests that introduction of SSB in the first year of 
life may accelerate onset of type 1 diabetes, independent of HLA-risk status and among 
youth with susceptible HLA genotypes, early introduction of juice may speed onset.
Acknowledgements
The SEARCH for Diabetes in Youth Study and the SEARCH Nutrition Ancillary Study is indebted to the many 
youth and their families, and their health care providers, whose participation made this study possible. The 
SEARCH Nutrition Ancillary Study is funded by NIH/NIDDK R01 DK077949 (Mayer-Davis, PI). The SEARCH 
for Diabetes in Youth is funded by the Centers for Disease Control and Prevention (PA numbers 00097, 
DP-05-069, and DP-10-001) and supported by the National Institute of Diabetes and Digestive and Kidney 
Diseases. The funding agencies did not contribute to the design and conduct of the SEARCH Nutrition Ancillary 
Study, nor did they directly participate in management, analysis, and interpretation of the data. The manuscript was 
reviewed and approved by the SEARCH Publications and Presentations Committee.
SEARCH Site Contract Numbers: Kaiser Permanente Southern California (U48/CCU919219, U01 DP000246, and 
U18DP002714), University of Colorado Denver (U48/CCU819241-3, U01 DP000247, and U18DP000247-06A1), 
Kuakini Medical Center (U58CCU919256 and U01 DP000245), Children's Hospital Medical Center (Cincinnati) 
(U48/CCU519239, U01 DP000248, and 1U18DP002709), University of North Carolina at Chapel Hill (U48/
CCU419249, U01 DP000254, and U18DP002708-01), University of Washington School of Medicine (U58/
CCU019235-4, U01 DP000244, and U18DP002710-01), Wake Forest University School of Medicine (U48/
CCU919219, U01 DP000250, and 200-2010-35171).
The authors wish to acknowledge the work of the University of North Carolina Nutrition Obesity Research Center 
for conduct of the plasma nutrient biomarker assays (NIH DK056350), and the involvement of General Clinical 
Research Centers, GCRC) at the South Carolina Clinical & Translational Research (SCTR) Institute, at the Medical 
University of South Carolina (NIH/NCRR Grant number UL1RR029882); Children's Hospital and Regional 
Medical Center (Grant Number M01RR00037); Colorado Pediatric General Clinical Research Center (Grant 
Number M01 RR00069) and the Barbara Davis Center at the University of Colorado at Denver (DERC NIH P30 
DK57516); and the Institutional Clinical and Translational Science Award (CTSA), NIH/NCRR at the University 
of Cincinnati (Grant Number 1UL1RR026314-01).
The contents of this paper are solely the responsibility of the authors and do not necessarily represent the official 
views of the funding agencies.
Thank you to the laboratories of Drs. L. Gaur (University of Washington, Seattle, WA) and H. Erlich (Roche 
Molecular Systems, Indianapolis, IN) for Human Leukocyte Antigen class II genotyping (HLA DR-DQ) and PCR-
based sequence-specific oligonucleotype 1 diabetes probe system testing.
Abbreviations
SEARCH SEARCH for Diabetes in Youth Study
SNAS SEARCH Nutrition Ancillary Study
DA diabetes autoantibody
GADA Glutamic acid decarboxylase-65 autoantibody
IA-2A insulinoma-associated-2 autoantibody
SSB Sugar-sweetened beverages
Crume et al. Page 4














1. Liese AD, D'Agostino RB Jr. Hamman RF, Kilgo PD, Lawrence JM, Liu LL, et al. The burden of 
diabetes mellitus among US youth: prevalence estimates from the SEARCH for Diabetes in Youth 
Study. Pediatrics. 2006; 118:1510–8. [PubMed: 17015542] 
2. Ziegler AG, Hummel M, Schenker M, Bonifacio E. Autoantibody appearance and risk for 
development of childhood diabetes in offspring of parents with type 1 diabetes: the 2-year analysis 
of the German BABYDIAB Study. Diabetes. 1999; 48:460–8. [PubMed: 10078544] 
3. Virtanen SM, Knip M. Nutritional risk predictors of beta cell autoimmunity and type 1 diabetes at a 
young age. Am J Clin Nutr. 2003; 78:1053–67. [PubMed: 14668264] 
4. Dahlquist G. Can we slow the rising incidence of childhood-onset autoimmune diabetes? The 
overload hypothesis. Diabetologia. 2006; 49:20–4. [PubMed: 16362279] 
5. Frederiksen B, Kroehl M, Lamb MM, Seifert J, Barriga K, Eisenbarth GS, et al. Infant exposures 
and development of type 1 diabetes mellitus: The Diabetes Autoimmunity Study in the Young 
(DAISY). JAMA Pediatr. 2013; 167:808–15. [PubMed: 23836309] 
6. SEARCH Study Group. SEARCH for Diabetes in Youth: a multicenter study of the prevalence, 
incidence and classification of diabetes mellitus in youth. Control Clinical Trials. 2004; 25:458–71.
7. Erlich H, Valdes AM, Noble J, Carlson JA, Varney M, Concannon P, et al. HLA DR-DQ haplotypes 
and genotypes and type 1 diabetes risk: analysis of the type 1 diabetes genetics consortium families. 
Diabetes. 2008; 57:1084–92. [PubMed: 18252895] 
8. Davis JN, Ventura EE, Weigensberg MJ, Ball GD, Cruz ML, Shaibi GQ, et al. The relation of sugar 
intake to beta cell function in overweight Latino children. Am J Clin Nutr. 2005; 82:1004–10. 
[PubMed: 16280431] 
9. Pundziute-Lycka A, Persson LA, Cedermark G, Jansson-Roth A, Nilsson U, Westin V, et al. Diet, 
growth, and the risk for type 1 diabetes in childhood: a matched case-referent study. Diabetes Care. 
2004; 27:2784–9. [PubMed: 15562185] 
10. Chavarro JE, Michels KB, Isaq S, Rosner BA, Sampson L, Willey C, et al. Validity of maternal 
recall of preschool diet after 43 years. Am J Epidemiol. 2009; 169:1148–57. [PubMed: 19318613] 
Crume et al. Page 5

























Crume et al. Page 6
Table 1
Mean age at diagnosis of type 1 diabetes by timing of introduction of complementary foods into the infant diet 
on a regular basis (at least once per week).
Predicted mean age at diagnosis (years) ± SE (N=1,077)
Age at introduction (months) <3m 3-6m 7-11m 12m or more P-value
Any solid food 9.41 ± 0.15 9.42 ± 0.08 9.38 ± 0.14 0.95
Vegetables excluding potatoes 9.50 ± 0.08 9.31 ± 0.1 9.31 ± 0.18 0.08
Cereal 9.39 ± 0.16 9.4 ± 0.08 9.32 ± 0.13 9.74 ± 0.22 0.38
Gluten 9.43 ± 0.23 9.45 ± 0.09 9.36 ± 0.09 9.49 ± 0.14 0.73
Fruit excluding juice 9.46 ± 0.08 9.34 ± 0.1 9.27 ± 0.16 0.29
Potatoes and rice 9.36 ± 0.17 9.43 ± 0.08 9.43 ± 0.13 9.38 ± 0.21 0.96
Meat including fish 9.42 ± 0.11 9.39 ± 0.09 9.47 ± 0.11 0.74
All dairy including formula 9.45 ± 0.09 9.41 ± 0.11 9.29 ± 0.11 9.49 ± 0.12 0.42
Dairy excluding formula 9.44 ± 0.11 9.42 ± 0.09 9.42 ± 0.09 0.97
Fruit juice 9.43 ± 0.09 9.32 ± 0.1 9.49 ± 0.11 0.29
Sweetened beverage excluding juice 9.04 ± 0.18 9.45 ± 0.08 0.02
Least-squares predicted means from model adjusted for sex, race, education, income, birth year, breastfeeding (never, 1-5m vs. ≥6m), HLA risk 
status (low risk/protective vs. high risk/susceptible) and in utero maternal DM exposure.
Note: cell size less than 30 were collapsed with the adjoining cell to improve precision.



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Eur J Clin Nutr. Author manuscript; available in PMC 2015 May 01.
